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,QWURGXFWLRQ
$ ZLGHUDQJLQJ OLWHUDWXUH KDV GLVFXVVHG WKH HFRORJLFDO HIIHFWV RI DQWKURSRJHQLF QRLVH LQ QDWXUDODUHDV ZKHUH
ZLOGOLIHVKRZVFKDQJHVLQEHKDYLRXUDQGVSDWLDOGLVWULEXWLRQ%DUEHU%XUGHWW5HHG:DUQHU)RUPLFKHOOD&URRNV
7KHREDOG	)ULVWUXS.LJKW	6ZDGGOH,QSDUWLFXODUWKHJURZWKLQWUDQVSRUWQHWZRUNV:LąFHN3RODN
.XFKDUF]\N 	 %RKDWNLHZLF] DV ZHOO DV QDWXUDO UHVRXUFH H[WUDFWLRQ 0DUJDOLGD 0RUHQR2SR $UUR\R 	
$UUHGRQGR DQG DQ LQFUHPHQW LQ UHFUHDWLRQ DFWLYLWLHV7D\ORU 	.QLJKW  3UHLVOHU $JHU 	 :LVGRP
DUH DVFULEHG DV EHLQJ WKHPDLQ FDXVHV RI FKURQLF QRLVH H[SRVXUHZLWKLQ DQG LQ SUR[LPLW\ WRZLOGOLIH DUHDV
%DUEHU&URRNV	)ULVWUXS$VDFRQVHTXHQFHWKHUHLVDVWURQJLQWHUHVWLQDQDO\VLQJQRLVHSURSDJDWLRQDFURVV
QDWXUDODUHDVE\LWVPRGHOOLQJ5HHG%RJJV	0DQQ
$JULFXOWXUH DQG IRUHVW RSHUDWLRQV FRPPRQO\ XVH HTXLSPHQW DQG KHDY\ PDFKLQHV WKDWFDQ SURGXFH SRWHQWLDOO\
KDUPIXO QRLVH IRU RSHUDWRUV *URYHV 	 /\RQV 0L\DNLWD 0LXUD 	 )XWDWVXND  %RXEDNHU &RODQWRQL
$OOHJULQL/RQJR'L*LDFLQWR0RQDUFD&HFFKLQL)RQVHFD$JKD]DGHKGH+RRS,NXPD	$O4DLVLDV
ZHOO EHLQJ D SRWHQWLDO VRXUFH RI ZLOGOLIH GLVWXUEDQFH3RWRþQLN 	3RMH &RQFHUQLQJ QRLVH SURSDJDWLRQ DV D
SRWHQWLDOVRXUFHRIZLOGOLIHGLVWXUEDQFHWKHOLWHUDWXUHKDVPDLQO\IRFXVHGRQWKHSURSDJDWLRQRIWKHLPSXOVLYHQRLVH
JHQHUDWHG E\ FKDLQVDZVZKLFK DUHZHOO UHFRJQL]HG DV EHLQJ RQH RI WKHPRVW VLJQLILFDQW QRLVH VRXUFHV LQ IRUHVW
ORJJLQJ HYHQZKHQ FRPSDUHG WR WKH QRLVH RI D KHDY\OLIW KHOLFRSWHU 'HODQH\ *UXEE %HLHU 3DWHU	+LOGHJDUG
5HLVHU
:RRGKDUYHVWLQJFDQEHGHILQHGDVDVXFFHVVLRQRIFRQQHFWHGDQGLQWHUGHSHQGHQWRSHUDWLRQVLQFOXGLQJIHOOLQJDQG
SURFHVVLQJ WUHH FRQYHUVLRQ RIIURDGZRRG WUDQVSRUW \DUGLQJRU WLPEHU H[WUDFWLRQ DQG RQURDGZRRG WUDQVSRUW
KDXOLQJ )RUHVW RSHUDWLRQV FDQ EH SHUIRUPHG DW GLIIHUHQW PHFKDQL]DWLRQ OHYHO IURP VHPLPHFKDQL]HG WR IXOO\
PHFKDQL]HG ZLWK GLIIHUHQW FDUERQ IRRWSULQW &RVROD *ULJRODWR $FNHUPDQ 0RQWHURWWL 	 &DYDOOL E\
PDFKLQHU\ DQG HTXLSPHQWZRUNLQJ VLPXOWDQHRXVO\'LIIHUHQWPDFKLQHVDOVRPHDQ VLPXOWDQHRXV DQGPXOWLSOH QRLVH
VRXUFHVZLWKGLIIHUHQWVSHFWUXPDQGHQHUJ\QRLVHOHYHO
:RRG KDUYHVWLQJ FDQ EH DFKLHYHG E\ GLIIHUHQW V\VWHPV DFFRUGLQJ WR WKH VLWH DFFHVVLELOLW\ DQG WHUUDLQ
FKDUDFWHULVWLFV<DUGLQJLVFRPPRQO\SHUIRUPHGZLWKIRUHVWPDFKLQHVRQWUDIILFDEOHWHUUDLQDQGE\FDEOH\DUGHUVRU
DLUVKLSVRQQRW WUDIILFDEOH WHUUDLQ$Q\ZD\ WKH H[WUDFWLRQRI ORJV E\ DJURXQGEDVHG V\VWHPRQ VWHHS WHUUDLQ DOVR
GHSHQGV RQ WKH SUHVHQFH RI D ZHOOGHYHORSHG VNLG WUDLO QHWZRUN 3HQWHN 3RUãLQVN\ 6XãQMDU 6WDQNLü
1HYHüHUHO	6SRUFLü
,Q WKH FDVH RI FRSSLFH VWDQGV IRUHVW FDEOH \DUGLQJ LV VWLOO QRW YHU\ FRPPRQ IRU H[WUDFWLQJORJV DQG RIIURDG
YHKLFOHVDUHSUHIHUUHGZKHQSRVVLEOH&DYDOOL	*ULJRODWR7KLVPHDQVWKDWIRUFRSSLFHVWDQGVRQVWHHSWHUUDLQ
WKHDFFHVVLELOLW\WRWKHKDUYHVWLQJDUHDLVJXDUDQWHHGE\DGHQVHVNLGWUDLOQHWZRUNWKDWFRXOGKDYHDQHJDWLYHLPSDFW
LQWHUPVRIHURVLRQ0HULQR(GHVR*RQ]iOH]	0DUDXUL:RUUHOO%ROGLQJ	$XVW
1HYHUWKHOHVVDOWKRXJKWKHXVHRIDFDEOH\DUGHULQFRSSLFHVWDQGVKDVEHHQZLGHO\LQYHVWLJDWHGLQWHUPVRIFRVW
HIILFLHQF\ &DQJD )DQMXO 6DQFKH]*DUFLD $ORQVR*UDxD 	 0DMDGD  6SLQHOOL (ERQH 	 *LDQHOOD 
6FKZHLHU 6SLQHOOL 0DJDJQRWWL 	 %HFNHU  3URWR 	 =LPEDODWWL DOVR LQ FRPSDULVRQ WR JURXQGEDVHG
H[WUDFWLRQ WKHUH LV VWLOO OLWWOHLQ WHUPV RI LWVQRLVH SURSDJDWLRQZKHQ FRPSDUHG WR JURXQGEDVHG H[WUDFWLRQ 3URWR
0DFUu5XVVR	=LPEDODWWL
,QWKLVSUHOLPLQDU\ZRUNQRLVHSURSDJDWLRQGXULQJDFRSSLFHVWDQGKDUYHVWLQJRSHUDWLRQRQVWHHSWHUUDLQLVXVHGDV
DFDVHVWXG\0RWRUPDQXDOIHOOLQJE\FKDLQVDZVDQGWZRGLIIHUHQWW\SHVRI\DUGLQJV\VWHPVE\FDEOH\DUGHUversus
E\VNLGGLQJDUHVXUYH\HG LQ WHUPVRIQRLVHVRXUFHVDQGWKXVDQDO\]HGLQ WHUPVRISRWHQWLDOQRLVHSURSDJDWLRQ7KH
DLPLVWRGHWHUPLQHZKLFKRSHUDWLRQIHOOLQJRU\DUGLQJKDVOHVVSRWHQWLDOQRLVHGLVWXUEDQFHLQWKHVXUURXQGLQJIRUHVW
DUHD DQG WKHQ ZKLFK RI WKH WZR DOWHUQDWLYH \DUGLQJ V\VWHPVFDXVHVOHVV GLVWXUEDQFH 7KH DQDO\VLV FRQVLGHUV DV
LQGLFDWRUWKHVL]HRIDUHDDURXQGWKHZRUNLQJVLWHZKHUHQRLVHSURSDJDWLRQIURPPXOWLSOHQRLVHVRXUFHVH[FHHGVWKH
QDWXUDODPELHQWVRXQGFRQGLWLRQV
0DWHULDOVDQGPHWKRGV
2.1. Case study 
7KHFDVH VWXG\ZDV ORFDWHG LQD FKHVWQXW FRSSLFH VWDQGRIKD LQ WKHDUHDRI6HUUD6DQ%UXQR LQ&DODEULD
UHJLRQ7KHZRUNLQJRSHUDWLRQVFRQVLVWHGRIPRWRUPDQXDOIHOOLQJE\FKDLQVDZDQG\DUGLQJPDLQO\E\DPRELOHWRZHU
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\DUGHU=LPEDODWWL	3URWR7KHJURXQGEDVHG\DUGLQJZDVSHUIRUPHGE\VNLGGLQJORJVIURPWKHVWXPSDUHDWR
WKHSURFHVVLQJVLWHLQSUR[LPLW\WRWKHIRUHVWURDGE\DWUDFWRUZLWKDWKUHHSRLQWORJJUDSSOH
7KHVWXG\VXUYH\HGQRLVHOHYHOVRIWKHGLIIHUHQWPDFKLQHVXVHGLQWKHZRUNLQJVLWH
x FKDLQVDZIRUIHOOLQJDQGSUHEXFNLQJRSHUDWLRQVLQWKHVWDQGDQGIRUEXFNLQJORJVDWWKHODQGLQJVLWH
x WUDFWRUZLWKWKUHHSRLQWORJJUDSSOHIRUJURXQGEDVHG\DUGLQJDORQJWKHVNLGGLQJWUDLOV
x PRELOH FDEOH \DUGHU IRU DHULDO \DUGLQJ DQG H[FDYDWRU IRU KDQGOLQJ ORJV DW WKH ODQGLQJ VLWH ORFDWHG
DGMDFHQWWRWKHIRUHVWURDGQHWZRUN
7KHPRELOHFDEOH\DUGHUZDVWKHV\VWHPSUHIHUUHGE\WKHIRUHVWFRPSDQ\GXULQJWKHVWXG\DQG\DUGLQJZDVRQO\
UDUHO\SHUIRUPHGE\VNLGGLQJORJV7KLVZDVIDYRXUDEOHIRUPHDVXULQJDOOWKHPDFKLQHVLQWKHVDPHDUHDGXULQJUHDO
ZRUNLQJFRQGLWLRQV
7DE0DFKLQHFKDUDFWHULVWLFVLGHQWLILHGDVQRLVHVRXUFHV
0DFKLQH 2SHUDWLRQ 0DQXIDFWXULQJ (QJLQH (QJLQHSRZHU (QJLQHGLVSODFHPHQW
  \HDU 7\SH N: FP
0RELOHFDEOH\DUGHU
ZLWKLQGHSHQGHQW
HQJLQH
<DUGLQJORJV  )RXUVWURNH'LHVHO  
:'WUDFWRUZLWK
WKUHHSRLQWORJ
JUDSSOH
<DUGLQJE\VNLGGLQJ  )RXUVWURNH'LHVHO  
([FDYDWRUW +DQGOLQJORJVDWODQGLQJ  )RXUVWURNH'LHVHO  
&KDLQVDZ
)HOOLQJDQGSUHEXFNLQJ
DWVWDQGVLWHEXFNLQJDW
ODQGLQJ
 7ZRVWURNH3HWURO  

7KHPHDVXUHPHQWVZHUHDLGHGE\DQ+' 'HOWD2KP VSHFWUXPDQDO\VHU LQWHJUDWLQJD VRXQG OHYHOPHWHU
ZLWKPXOWLSDUDPHWULF GDWD ORJJLQJ FDSDELOLW\ DQG DQ+':0(PLFURSKRQH DEOH WRPHDVXUH WKHQRLVH UDQJLQJ LQ
IUHTXHQF\VSHFWUXPIURPWRN+]LQWKHRFWDYHEDQGVDQGRQHWKLUGRFWDYHEDQGV
)RUWKHDLPVRIWKHZRUNWKHQRLVHDQDO\VLVSURWRFROFRQVLVWHGRILQGHSHQGHQWPHDVXUHPHQWVIRUHDFKPDFKLQH
DWDGLVWDQFHRIDSSUR[LPDWHO\PHWUHVIRUWKHFKDLQVDZH[FDYDWRUDQGPRELOHFDEOH\DUGHU7KHSURWRFROGLIIHUHG
LQWKHFDVHRIVNLGGLQJRSHUDWLRQVE\WKHWUDFWRUZLWKWKHWKUHHSRLQWORJJUDSSOHDVWKHPDFKLQHZDVGULYLQJDORQJ
WKHVNLGURDGV,QWKLVFDVHWKHQRLVHPHDVXUHPHQWVZHUHLVRODWHGZKHQWKHPDFKLQHZDVUXQQLQJDWDGLVWDQFHRI
WRPIURPWKHVRXQGOHYHOPHWHU7KHVRXQGOHYHOFDOLEUDWRU+'±&ODVV'HOWD2KPSURGXFLQJDVLJQDO
RI  G% DW WKH IUHTXHQF\ RI  +] ZDV XVHG IRU WKH FDOLEUDWLRQ RI WKH VRXQG OHYHO PHWHU EHIRUH HDFK
PHDVXUHPHQW
7KHQRLVHZDVUHFRUGHGLQHTXLYDOHQWFRQWLQXRXVVRXQGOHYHO/HTIRUWKHRQHRFWDYHEDQGVDQGRQHWKLUGRFWDYH
EDQGV IUHTXHQF\ VSHFWUXP DW  V LQWHUYDO LQ ) )DVW WLPH DQG = =HUR IUHTXHQF\ EDODQFLQJ 7KH HTXLYDOHQW
FRQWLQXRXVVRXQGOHYHOLVFRPPRQO\FKRVHQWRGHVFULEHVRXQGOHYHOVYDU\LQJRYHUWLPHUHVXOWLQJLQDVLQJOHYDOXH
WKDWWDNHVLQWRDFFRXQWWKHWRWDOVRXQGHQHUJ\RYHUWKHWLPHSHULRGRILQWHUHVW
$FFRUGLQJWRWKHFKDUDFWHULVWLFVRIWKHVRXQGOHYHOPHWHUWKHUHFRUGHGQRLVHOHYHOUDQJHGLQIUHTXHQF\VSHFWUXP
IURP +] WR  N+] FHQWUDO IUHTXHQF\ IRU WKH RFWDYH IUHTXHQF\ EDQG DQG IURP  +] WR  N+] FHQWUDO
IUHTXHQF\IRUWKHRQHWKLUGRFWDYHIUHTXHQF\EDQG
,QRUGHUWRUHGXFHWKHORFDODPELHQWFRQGLWLRQLQIOXHQFHDOOWKHVDPSOHVZHUHWDNHQRQIODWWHUUDLQLQWKHDEVHQFHRI
IRUHVW FRYHU :LQG VSHHG DQG GLUHFWLRQ WHPSHUDWXUH DQG DLU UHODWLYH KXPLGLW\ ZHUH FRQVWDQWO\ PHDVXUHG E\ D
SRUWDEOHZHDWKHUVWDWLRQ:DWFK'RJPRGHO7KHVSHFLILFZLQGVFUHHQIRDPPLFURSKRQHFRYHUZDVXVHGGXULQJWKH
VDPSOLQJ7KHQRLVHPHDVXUHPHQWVZHUHFRQGXFWHGLQ-XQH
7KHQDWXUDODPELHQWQRLVHZDVDOVRPHDVXUHGZLWKWKHVDPHSURWRFRODVWKDWDSSOLHGIRUWKHQRLVHPHDVXUHPHQWV
RIWKHPDFKLQHVE\VDPSOHVRIPLQXWHVGXULQJWKHGD\ZKHQDOOWKHPDFKLQHVZHUHVWRSSHG
,QRUGHUWRVHSDUDWHWKHZRUVWVLWXDWLRQLQWHUPVRIQRLVHOHYHOWKHHTXLYDOHQWYDOXHRIVRXQGDQGHTXLYDOHQWYDOXH
E\ RQHWKLUG RFWDYH IUHTXHQF\ EDQGV IURP WKH ORXGHVW VHFRQG LQWHUYDOVZHUH LVRODWHG7KHREWDLQHG SDUDPHWHUV
ZHUHWKHQXVHGIRUFRPSXWLQJWKHQRLVHSURSDJDWLRQDQDO\VLVE\DVSHFLILF*,6PRGHO
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2.2. Modelling noise propagation 
1RLVH SURSDJDWLRQ DQDO\VLV XVHVWKH 63UH$'*,6 WRROER[ D WRRO VSHFLILFDOO\ GHYHORSHG E\ &RORUDGR 6WDWH
8QLYHUVLW\ 5HHG %RJJV	0DQQ IRU WKH $UF*,6 WRROER[ (65, 7KH 63UH$'*,6 WRROER[ LV D IUHHO\
DYDLODEOH*,6DSSOLFDWLRQIRUPRGHOOLQJDQWKURSRJHQLFQRLVHSURSDJDWLRQEDVHGRQWKH6\VWHPIRUWKH3UHGLFWLRQRI
$FRXVWLF 'HWHFWDELOLW\ 63UH$' PRGHO ZKLFK ZDV GHYHORSHG LQ WKH V E\ WKH 86 )RUHVW 6HUYLFH DQG
(QYLURQPHQWDO3URWHFWLRQ$JHQF\(3$
7KH63UH$'*,6WRROER[FDQFDOFXODWHQRLVHSURSDJDWLRQSDWWHUQVIRURQHWKLUGRFWDYHIUHTXHQF\EDQGV
N+] DURXQG D SRLQW VRXQG VRXUFH7KHPRGHO UHWXUQV WZR UHVXOWV IRURQHQRLVH VRXUFH LQ WKH IRUPRI FRQWLQXRXV
VXUIDFHRIQRLVHOHYHODSUHGLFWHGSDWWHUQRIQRLVHSURSDJDWLRQDURXQGWKHVRXUFHSU12,6(DQGEH[FHVVQRLVH
H[12,6( SURSDJDWLRQ UHSUHVHQWLQJ WKH GLIIHUHQFH EHWZHHQ WKH LQWURGXFHG QRLVH DQG WKH EDFNJURXQG RU QDWXUDO
HQYLURQPHQWQRLVHOHYHOV
7KH 63UH$'*,6 WRROER[ LQFOXGHV VL[ IDFWRUVWR FDOFXODWH WKH QRLVH IUHTXHQF\ EDQG VSDWLDO SURSDJDWLRQ D
VSKHULFDO VSUHDGLQJ ORVV E DWPRVSKHULF DEVRUSWLRQ ORVV DVD IXQFWLRQ RI DLU WHPSHUDWXUH UHODWLYH KXPLGLW\ DQG
HOHYDWLRQF IROLDJHDQGJURXQGFRYHU JURXQGDQGYHJHWDWLRQ ORVVGGRZQZLQGDQGXSZLQG ORVVHGHFOLQH LQ
VRXQG OHYHOV GXH WR WKHPRUSKRORJ\RI WKH WHUUDLQ I H[FHVV QRLVH SURSDJDWLRQZKHUH QRLVH SURSDJDWHG IURP WKH
VRXUFHH[FHHGVDPELHQWVRXQGFRQGLWLRQV%\FRPELQLQJWKHUHVXOWVIURPWKHVLQJOHQRLVHVRXUFHVWKH63UH$'*,6
WRROER[DOVRDOORZVQRLVHSURSDJDWLRQWREHSUHGLFWHGIRUGLIIHUHQWRQHWKLUGRFWDYHIUHTXHQF\EDQGVIURPPXOWLSOH
SRLQWVRXUFHVWKHWRROLVWKXVXVHGWRVXPWKHDFRXVWLFHQHUJ\IURPWKHGLIIHUHQWPDFKLQHVZRUNLQJVLPXOWDQHRXVO\
DQGWRSUHGLFWWKHSDWWHUQRIQRLVHSURSDJDWLRQLQWHUPVRIH[FHVVQRLVH
$SSOLFDWLRQRI WKH*,6WRROFRQVLGHUHG WKUHHVFHQDULRV7DE)HOOLQJ6NLGGLQJDQG&DEOH\DUGHU7KH WKUHH
VFHQDULRV ZHUH EDVHG RQ WKH ZRUVW VLWXDWLRQ IRU QRLVH SURSDJDWLRQ LQ ZKLFK DOO WKH PDFKLQHV DUH ZRUNLQJ
VLPXOWDQHRXVO\DQGSURGXFLQJWKHPD[LPXPQRLVHOHYHODWWKHVDPHWLPH
7DE0XOWLSOHQRLVHVRXUFHVIRUHDFKVFHQDULR
6FHQDULR
6LPXOWDQHRXVQRLVHVRXUFHV
&KDLQVDZ 7UDFWRUZLWKWKUHHSRLQW
ORJJUDSSOH
0RELOHFDEOH\DUGHU ([FDYDWRU
)HOOLQJ    
&DEOH\DUGHU    
6NLGGLQJ    

7KH)HOOLQJVFHQDULRVLPXODWHG WKH UHDO VLWXDWLRQRI WKHFRPSOHWHPRWRUPDQXDO IHOOLQJRSHUDWLRQVRI WKH IRUHVW
VWDQG,QWKHDSSOLFDWLRQRIWKH63UH$'*,6WRROER[WKHVWDQGDUHDVKDZHUHILUVWVXEGLYLGHGLQDJULGZLWK
FHOOVL]HRIP7KHUHVXOWLQJFHQWURLGVRIHDFKFHOOZHUHDVVXPHGDVWKHQRLVHVRXUFHORFDWLRQVRIWKHFKDLQVDZ
RSHUDWRUV$VLQWKHUHDOFRQGLWLRQFKDLQVDZRSHUDWRUVZHUHZRUNLQJDWWKHVDPHWLPHDWDGLVWDQFHRIDSSUR[LPDWHO\
PIURPHDFKRWKHUWKH63UH$'*,6WRROER[ZDVDSSOLHGWRVXPWKHDFRXVWLFHQHUJ\IURPDGMDFHQWFHQWURLGV
7RFRYHUWKHHQWLUHVWDQGDUHDDWRWDORIFRPELQDWLRQVHDFKRQHZLWKWKUHHGLIIHUHQWFRQWLQXRXVFHQWURLGVZHUH
SURFHVVHGE\WKH63UH$'*,6WRROER[
7KH WZR VFHQDULRV FRQFHUQLQJ WKH \DUGLQJ V\VWHPVZHUH SURSRVHG DV DOWHUQDWLYHV 6NLGGLQJ VFHQDULR VXSSRVHG
WKDWDOOWKHIHOOHGWUHHVZHUHVNLGGHGDORQJWKHH[LVWLQJSHUPDQHQWVNLGWUDLOQHWZRUNE\DWUDFWRUZLWKDWKUHHSRLQW
ORJJUDSSOHWKH&DEOH\DUGHUVFHQDULRVXSSRVHGWKDWDOOWKHIHOOHGWUHHVZHUHH[WUDFWHGE\PRELOHFDEOH\DUGHU
)RU WKH6NLGGLQJVFHQDULR WKHVNLG WUDLOV LQ WRWDOPZHUHVSOLW LQWRVHFWLRQVRIPDQG WKHFHQWURLGVRI
HDFKVHFWLRQZHUHXVHGDVQRLVHVRXUFHVRIDWUDFWRUZLWKWKUHHSRLQWORJJUDSSOH7KHPRGHOZDVDSSOLHGWRVXP
WKH DFRXVWLF HQHUJ\ IURP WKH GLIIHUHQW PDFKLQHV ZRUNLQJ VLPXOWDQHRXVO\ DQG WR SUHGLFW WKH SDWWHUQ RI QRLVH
SURSDJDWLRQ LQ WHUPV RI H[FHVV QRLVH IURP PXOWLSOH SRLQW VRXUFHV IRU HDFK RI WKH  VHFWLRQVDQG HDFK RQH LQ
FRPELQDWLRQZLWKWKHVLPXOWDQHRXVQRLVHVRXUFHRIH[FDYDWRUDQGFKDLQVDZRSHUDWRUVZRUNLQJDWWKHODQGLQJVLWH
)RUWKH&DEOH\DUGHUVFHQDULRWKHPRGHOZDVDSSOLHGWRVXPWKHDFRXVWLFHQHUJ\IDQGWRSUHGLFWWKHSDWWHUQIURP
PXOWLSOHSRLQWVRXUFHVE\FRQVLGHULQJGLIIHUHQWORFDWLRQVZLWKLQDUDGLXVRIPLQWKHODQGLQJVLWHRIWKHPRELOH
FDEOH\DUGHUVDQGDVIRUWKH6NLGGLQJVFHQDULRLQFRPELQDWLRQZLWKWKHVLPXOWDQHRXVQRLVHVRXUFHVRIH[FDYDWRU
DQGFKDLQVDZRSHUDWRUVZRUNLQJDWWKHODQGLQJVLWH
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7KHVDPHDPELHQWFRQGLWLRQZDVFRQVLGHUHGIRUHDFKVFHQDULRZLQGGLUHFWLRQQRUWKHDVWZLQGVSHHGNPK
DLUWHPSHUDWXUH&DQGUHODWLYHKXPLGLW\
7KH QDWXUDO DPELHQW QRLVH ZDV PHDVXUHG ZLWK WKH VDPH SURWRFRO DSSOLHG WR WKH QRLVH PHDVXUHPHQWV RI WKH
PDFKLQHVE\VDPSOHVRIPLQXWHVGXULQJWKHGD\ZKHQDOOWKHPDFKLQHVZHUHVWRSSHG
5HVXOWVDQGGLVFXVVLRQ
3.1. Noise sources 
7KH PD[LPXP QRLVH OHYHOVPHDVXUHG GXULQJ UHDO ZRUNLQJ FRQGLWLRQ DUH VKRZQ LQ )LJ  7KH QRLVH OHYHO LV
VKRZQIRU WKH RQHWKLUG RFWDYH EDQG IUHTXHQFLHV DYDLODEOH IRU WKH 63UH$'*,6 WRROER[DQG LQ= ]HUR IUHTXHQF\
EDODQFLQJDQGHTXLYDOHQWWRDVLQWHUYDO
,W LV HYLGHQW WKDW WKH QRLVH OHYHO VSHFWUXP IURP WKH FKDLQVDZ LV GLIIHUHQW IURP WKH RWKHUPDFKLQHV GXH WR WKH
GLIIHUHQWW\SHRIHQJLQHRIWKHFKDLQVDZWZRVWURNHHQJLQH7KHHTXLYDOHQWFRQWLQXRXVVRXQGOHYHOUHVXOWHGLQ
G%IRUWKHFKDLQVDZIRUWKHWUDFWRUZLWKWKUHHSRLQWORJJUDSSOHG%IRUWKHH[FDYDWRUDQGG%IRUWKH
PRELOHFUDQH\DUGHU7KHPD[LPXPQDWXUDODPELHQWQRLVHUHFRUGHGFRUUHVSRQGHGWRG%


)LJ1RLVHHTXLYDOHQWHQHUJ\OHYHOIRUWKHRFWDYHVSHFWUXPIRUWKHGLIIHUHQWPDFKLQHVLQFOXGHGLQWKHQRLVHSURSDJDWLRQPRGHO63UH$'*,6
3.2. Noise propagation 
7KHUHVXOWLQJH[FHVVQRLVHPDSVLQ=]HURIUHTXHQF\EDODQFLQJ)LJIRUWKHRQHWKLUGRFWDYHEDQGVRI+]
+]DQG+]ZHUHDQDO\]HG LQRUGHU WRFRPSDUH WKH WRWDODUHDH[SRVHG WR WKHH[FHVVQRLVHLQ WKHGLIIHUHQW
VFHQDULRV)HOOLQJ6NLGGLQJDQG&DEOH\DUGHUDWWKHRQHWKLUGRFWDYHEDQGVRI+]+]DQG+]7KH
RQHWKLUGRFWDYHEDQGVRI+]+]DQG+]ZHUHVHOHFWHGEHFDXVHWKHVWULJLIRUPRUGHUKDVWKHKLJKHVW
KHDULQJVHQVLWLYLW\LQWKHVHIUHTXHQF\UDQJHV7KHVWULJLIRUPRUGHUUHSUHVHQWVRQHRIWKHSRVVLEOHSURWHFWHGW\SHVRI
ZLOGOLIHLQWKHDUHDDQGWKHDYDLODELOLW\RIWKHDXGLRJUDP'HODQH\*UXEE%HLHU3DWHU	+LOGHJDUG5HLVHU
5HHG%RJJV	0DQQFDQEHXVHGWRKLJKOLJKWWKHGLIIHUHQFHEHWZHHQKXPDQVDQGELUGVLQWHUPVRIKHDULQJ
UHVSRQVLYHQHVV
)RU HDFK VFHQDULR WKH UHVXOWLQJ DYHUDJH RI WKH H[FHVV QRLVH H[SRVHG DUHD KD LV VKRZQ )LJ  LQ WHUPV RI
LQWHUYDOFODVVHVRIG%QRLVH OHYHO )LJ7KHH[FHVVQRLVHH[SRVHGDUHDZLWKPRUHWKDQG%UHVXOWHGDV OHVV
WKDQKDLQDOOVFHQDULRV0RUHVSHFLILFDOO\WKHIHOOLQJRSHUDWLRQVSUHVHQWHGWKHODUJHVWDUHDRIH[FHVVQRLVHRYHU
G% LQ WKHFDVHRI+]IUHTXHQF\RFWDYHEDQGPHDQKD VWDQGDUGGHYLDWLRQKD)RU+] WKH
6NLGGLQJVFHQDULRVKRZHGDPDUJLQDOO\ODUJHUH[FHVVQRLVHDUHDPHDQKDVWDQGDUGGHYLDWLRQKDRYHU
G%WKDQWKH&DEOH\DUGHUVFHQDULRPHDQKDVWDQGDUGGHYLDWLRQKD,QWKHFDVHRIH[FHVVQRLVHIRUWKH
 +] DQG  +] IUHTXHQFLHV WKH IHOOLQJ VFHQDULR SUHVHQWHG DQ DYHUDJH H[SRVHG DUHD RI  KD VWDQGDUG
GHYLDWLRQRIKDDQGKDVWGHYKD
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

)LJ([DPSOHVRIVXPPDWLRQRIH[FHVVQRLVHH[12,6(LQG%LQ=IUHTXHQF\EDODQFLQJIURPPXOWLSOHQRLVHVRXUFHVFXPXODWLYHPD[LPXP
QRLVHSURSDJDWLRQDW+]GXULQJIHOOLQJVXPRIFKDLQVDZRSHUDWRUVIHOOLQJWUHHVLQWKHVWDQGVNLGGLQJVXPRIWUDFWRUZLWKWKUHHSRLQWORJ
JUDSSOHVNLGGLQJZKROHWUHHVDORQJWKHVNLGWUDLOVNLGURDGQHWZRUNH[FDYDWRUDWODQGLQJVLWHKDQGOLQJORJVDQGFKDLQVDZRSHUDWRUVEXFNLQJDW
ODQGLQJVLWHDQGFDEOH\DUGLQJVXPRIFDEOH\DUGHUH[FDYDWRUKDQGOLQJORJVDQGFKDLQVDZRSHUDWRUVEXFNLQJDWODQGLQJVLWH
7KHH[FHVVQRLVHH[SRVHGDUHDZDVUHOHYDQWLQDOOWKHVFHQDULRVZKHQWKHH[FHVVQRLVHZDVEHORZG%7KHWRWDO
H[FHVV QRLVH IURP !  G% H[SRVHG DUHD DQ\ZD\ GLIIHUHG EHWZHHQ WKH VFHQDULRV IRU H[DPSOH LQ WKH FDVH RI
)HOOLQJIRU+]IUHTXHQF\EDQGWKHWRWDODYHUDJHH[SRVHGDUHDUHVXOWHGDVKDVWGHYKDKD
VWGHYKDLQWKHFDVHRI&DEOH\DUGHUDQGKDVWGHYKDLQWKHFDVHRI6NLGGLQJ
$OVR LQ WKH FDVH RI +] DQG +] RQHWKLUG RFWDYH EDQG IUHTXHQFLHV )HOOLQJ VFHQDULRV SUHVHQWHG WKH
ODUJHVWH[FHVVQRLVHH[SRVHGDUHDLQFRPSDULVRQWR6NLGGLQJDQG&DEOH\DUGHUVFHQDULRV&RQFHUQLQJWKHGLIIHUHQFH
EHWZHHQWKHWZRDOWHUQDWLYHH[WUDFWLRQVFHQDULRV WKH&DEOH\DUGHUSUHVHQWHGWKHVPDOOHUH[FHVVQRLVHH[SRVHGDUHD
FRPSDUHGWR6NLGGLQJLQWKHFDVHRIERWK+]DQG+]RQHWKLUGRFWDYHEDQGIUHTXHQFLHV

)LJ([FHVVQRLVHH[SRVHGDUHDIRUD)HOOLQJD6NLGGLQJDQGE&DEOH\DUGHUVFHQDULRV
%\ VXSSRVLQJ WKDW VSHFLHV RI WKH VWULJLIRUPRUGHUZRXOG VWDUW WR IOXVKZKHQ H[FHVV QRLVH LQ WKH HQYLURQPHQWV
H[FHHGVG%ZHLJKWHGDFFRUGLQJWRWKHVSHFLILFDXGLRJUDPRIWKHVWULJLIRUPVSHFLHVWKHFULWLFDODUHDGXHWRWKH
+LJK!G%
/RZG%

+]&DEOH\DUGLQJ+]6NLGGLQJ+])HOOLQJ
   P
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PRWRUPDQXDOIHOOLQJRSHUDWLRQE\FKDLQVDZFDQEHHVWLPDWHGDWDURXQGKDIRUWKHH[WUDFWLRQRSHUDWLRQLQWKH
FDVHRIVNLGGLQJWKHFULWLFDODUHDFDQEHHVWLPDWHGDVKDDQGKDLQWKHFDVHRIFDEOH\DUGHUH[WUDFWLRQ

&RQFOXVLRQV
7KHVWXG\VKRZVWKHSRWHQWLDORISUHGLFWLQJQRLVHH[SRVXUHJHQHUDWHGE\IRUHVWRSHUDWLRQE\ WDNLQJ LQWRDFFRXQW
VSHFLILFDPELHQWFRQGLWLRQDQGWHUUDLQPRUSKRORJ\LQWHUPVRIIUHTXHQF\EDQGVDFURVVVSHFLILFVSDWLDOPRGHOV
$OWKRXJKWKH63UH$'*,6WRROER[UHVXOWVDUHWKHRUHWLFDOLQIRUPDWLRQWKH\ZHUHEDVHGRQHPSLULFDOQRLVHVRXUFHV
DQGDPELHQWVRXQGPHDVXUHPHQWV7KHUHVXOWVFDQWKXVEHXVHGWRLOOXVWUDWHWKHSRVVLEOHH[WHQWRIWKHDUHDDIIHFWHG
E\QRLVHIURPWKHPXOWLSOHQRLVHVRXUFHVDFWLYHVLPXOWDQHRXVO\LQWKHZRUNLQJVLWH
7KH DGYDQWDJH RI SUHGLFWLQJ QRLVH SURSDJDWLRQ LQ IRUHVW RSHUDWLRQV FDQVXPPDUL]HG LQ  VXSSRUWLQJ WKH
LGHQWLILFDWLRQRIWKHPRVWHQYLURQPHQWDOO\IULHQGO\ZRUNV\VWHPLQWHUPVRIQRLVHSURSDJDWLRQE\WDNLQJLQWRDFFRXQW
WHFKQLFDODQGORJLVWLFDOFRQVWUDLQWVIRUH[DPSOHWHUUDLQVORSHVNLGGLQJDQGIRUHVWURDGQHWZRUNLGHQWLI\LQJWKH
DUHDZKHUHH[FHVVQRLVH OHYHO IRU WKHGLIIHUHQW IUHTXHQF\EDQGVFDQQHJDWLYHO\ LQIOXHQFH WKHHFRORJLFDO UHVSRQVHV
RIZLOGOLIHVSHFLHVLIGDWDDUHDYDLODEOHRQZLOGOLIHUHVSRQVHWRQRLVHDQGRQZLOGOLIHVSHFLHVDXGLRJUDPV
7KHFDVHVWXG\KLJKOLJKWHGWKDWWKHH[FHVVQRLVHJHQHUDWHGE\WKHPRWRUPDQXDOIHOOLQJFRYHUVDODUJHUDUHDWKDQ
WKHH[FHVVQRLVHJHQHUDWHGE\WKHVLPXOWDQHRXVPXOWLSOHQRLVHVRXUFHVGXULQJH[WUDFWLRQRSHUDWLRQV7KLVFRQILUPV
WKDWDFKDLQVDZLVRQHRIWKHPRVWFULWLFDOPDFKLQHVLQWHUPVRIQRLVHOHYHO&DYDOOL0LROD	6DUWRUL3RWRþQLN
	 3RMH  'HODQH\ *UXEE %HLHU 3DWHU 	 +LOGHJDUG 5HLVHU  .LJKW 	 6ZDGGOH  LQ QDWXUDO
HQYLURQPHQWV&DEOH\DUGHURSHUDWLRQSUHVHQWVDUHGXFWLRQLQSRWHQWLDOGLVWXUEHGDUHDZKHQFRPSDUHGWRVNLGGLQJE\
WUDFWRU+RZHYHUWKHDGYDQWDJHLVQRWYHU\ELJDVWKHXVHRIDFKDLQVDZIRUEXFNLQJWKHWUHHDWWKHODQGLQJVLWHLV
DOVRDFRPSRQHQWLQERWK\DUGLQJPHWKRGV
7KHVXFFHVVRIWKHVSDWLDOPRGHODSSOLFDWLRQLQ*,6HQYLURQPHQWGHSHQGVDQ\ZD\RQWKHDYDLODELOLW\RIWKHQRLVH
IUHTXHQF\VSHFWUXPIRUHDFKQRLVHVRXUFH LQ WKHZRUNLQJVLWHDQGRQ WKHDFFXUDWHVHWWLQJRIVFHQDULRV LQ WHUPVRI
QRLVHVRXUFHORFDWLRQV
$QLPSRUWDQWOLPLWDWLRQRI*,6DSSOLFDWLRQLVWKDWLWDOVRQHHGVWREHYDOLGDWHGZLWKHPSLULFDOPHDVXUHPHQWVRI
QRLVHSURSDJDWLRQ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